Cell-associated ribonucleoprotein (RNP) was isolated from BHK-21 cells infected with several strains of rabies and rabies-related viruses. The RNP-antigen from rabies and related viruses induced the formation of complement-fixing, precipitating, and immunofluorescent antibodies, and proved to be the groupspecific antigen common to all rabies viruses. Antigens of the envelope which induce virus-neutralizing antibodies are apparently determinative for the serotype of a virus as evidenced by two-way neutralization tests. A combination of these methods seems to be a useful approach to the serological grouping and typing of rhabdoviruses.
Disruption of rabies virus particles and separation of the components yielded preparations which contained the nucleocapsid and envelope constituents (16, 19) . These preparations were not sufficiently pure to obtain clear-cut serological results. For example, ribonucleoprotein (RNP) preparations still induced the formation of virus neutralizing antibody, apparently due to adhering envelope components (16, 23) . We have succeeded in isolating RNP from virusinfected cells which serologically proved to be a single antigen free from contaminating envelope constituents. Moreover, this isolated RNP is shown to be the group-specific core antigen of the rabies group of rhabdoviruses. The isolation procedure and the properties of cell-derived rabies virus RNP are described in this paper.
MATERIALS AND METHODS
Virus strains. Virus strains used for isolation of cell-associated RNP were the clone-purified Flury high-egg passage (HEP) strain and the challenge virus standard (CVS) strain of rabies virus. Mokola virus (MOK), formerly named Ibadan shrew virus 27377 (17) , and Lagos bat virus (LBV) were obtained from R. E. Shope, New Haven, Conn., as early mouse-passage material and adapted to tissue culture.
Further rabies strains tested were the plaque-purified ERA strain obtained from T. J. Wiktor munobiol. Scand. in press). Two bat isolates, SVF (22) and Stade; two fox isolates, S-1763 and Frankfurt 2; two human isolates, SVM, and SVM2; and Nigerian horse virus (13) were obtained from J. S. Porterf'ield, Great Britain. The rodent, bat, fox, and human isolates were taken from the strain collection of our institute and were used as early-mouse passage material.
Other rhabdoviruses tested in this study were vesicular stomatitis virus (VSV) strain New Jersey, VSV-Indiana, VSV-Brazil, VSV-Argentina, VSVCocal, Piry. Chandipura Virus production and purification. The viruses (except the rabies field strains) were propagated in roller-cultures of BHK-21 C13 cells (21) . Culture conditions and media were described before (15) . Infectious cell culture fluids and infected cells were harvested between 72 and 96 h postinfection and were separated by low-speed centrifugation. The virus from supernatant fluids was concentrated and purified by batch adsorption onto and elution from aluminum phosphate gel as formerly described (15) Production of antiserum. Anti-RNP sera were prepared by immunization of rabbits with cellderived purified RNP. Virus concentrated by adsorption onto and elution from aluminum phosphate gel and purified by sucrose gradient centrifugation was used to produce antivirion sera. BHK-21 cell extract was obtained by the freeze-thawing of cells in PBS for production of anti-BHK serum. Immunization schedule: three injections were applied during the first week, one intraperitoneally with complete Freund adjuvant followed by one intradermal and one subcutaneous injection without adjuvants. A subcutaneous booster inoculation was given 4 weeks later. Blood was obtained by heart puncture and tested after thermal inactivation (three times 30 min, 56 C) for specific activity.
Agar gel precipitation. The test has been described before (20) .
Immunoelectrophoresis. The formerly described technique (10) was used which includes 1% (wt/vol) special Noble agar (Difco) in veronal buffer, pH 8.6, at an ionic strength of 0.05. Proteins were stained with amido black, nucleic acids with acridine orange (3). The "reversed" immunoelectrophoresis technique (9) was used to identify the type of antibody which caused precipitation. By this technique the serum is electrophoresed first and then allowed to diffuse towards the antigen.
CF test. The Laboratory Branch complement fixation method as adapted to microplates (2) was used for block titration of sera and antigens. The reciprocal of the highest dilution giving 25 to 30% hemolysis for a volume of 0.025 ml was taken as the complement fixation (CF) activity of the sample.
FA procedures. Fig. 1) . In several experiments, between 5 and 15% of intracellular RNP was recovered as measured by CF-activity. The amount of purified RNP was between 2 and 5 mg.
Physicochemical characterization of intracellular RNP: buoyant density. served when RNP isolated from trypsintreated cells was subjected to SDS polyacrylamide gel electrophoresis (Fig. 4A) . The molecular weights of the three polypeptides N 1, N2, N3 were estimated to be 61,000, 48,000, and 10,000, respectively. RNP from cells which were mechanically harvested showed only one band corresponding to a molecular weight of 61,000 (Fig. 4B) . Purified RNP was not found to be contaminated with other polypeptides.
Electron microscopy. In the electron microscope, purified, cell-derived rabies virus RNP appeared as loosely coiled strands of varying length. The Serum neutralization. RNP-antisera against HEP-, CVS-, MOK-, and LBV-RNP were tested for virus-neutralizing activity. Between 10 and 300 LD50 of the challenge viruses were not neutralized by undiluted homologous or heterologous RNP-antisera. Cell-derived, purified RNP is an internal antigen free from envelope proteins of the virus.
By using the constant virus-diluted serum method, two-way neutralization tests were performed (Table 3 ). The viruses listed were closely related in the complement fixation and fluorescent antibody tests; however, in the virus neutralization test obvious differences were observed. Whereas HEP and CVS showed strong cross-reactions, MOK and LBV gave weak cross-reactions. To define the degree of overlap the typing procedure for human rhinoviruses (see Discussion) was applied to the system. Accordingly, HEP and CVS belong to the same serotype, whereas MOK and LBV represent different serotypes. The usefulness of the de- (Fig. 5) . However, RNP from cells harvested either by trypsin or by mechanical action were shown to be serologically identical (Fig. 6) .
The results of double diffusion tests and of Since the fluorescence technique using this antiserum has been found to be much more sensitive than that using antisera against the complete virion, it would be advisible in the future to use RNP prepared in this manner for the production of high-titering diagnostic antisera.
In contrast to CF and FA testing, striking differences among several rabies virus strains were observed when tested in neutralization tests with antivirion sera. In order to define the degree of cross-reactions we used as a model the typing procedure for human rhinoviruses as proposed by Kapikian et al (6) envelope-associated antigen is specific for the serotype. The combination of two serological procedures allows the classification of rhabdoviruses as outlined above and summarized in Table 4 .
Genus. The genus of rhabdoviruses includes all viruses with similar structural, chemical, and physical properties.
Group. The groups are characterized by the RNP group-antigens. Grouping of a candidate virus is accomplished by reacting it with known group-specific, non-neutralizing RNP sera in CF or FA tests. Only positive reactions, weak or strong, account for the group membership of a candidate virus.
Serotype. The group members are divided into serotypes according to their envelope antigens. Typing is established by two-way neutralization of the candidate strain with known serotypes. The degree of cross-reactions is decisive for the serotype.
Variants. Variants are members of the same serotype which show biological or antigenic differences of a minor degree.
